Many cross-sectional studies of neighbourhood effects on health do not employ strong study design elements. The Neighbourhood Effects on Health and Well-being (NEHW) study, a random sample of 2412 English-speaking Toronto residents (age 25-64), utilises strong design features for sampling neighbourhoods and individuals, characterising neighbourhoods using a variety of data sources, measuring a wide range of health outcomes, and for analysing cross-level interactions. We describe here methodological issues that shaped the design and analysis features of the NEHW study to ensure that, while a crosssectional sample, it will advance the quality of evidence emerging from observational studies.
1. Introduction
Neighbourhoods and health
Table The field of study on whether neighbourhoods directly and indirectly affect individual health behaviours and outcomes has matured over the last two decades. By now, hundreds of crosssectional and more recently longitudinal studies have linked area characteristics, both physical and social, to a range of health behaviours and outcomes such as distress and anxiety, depression (Truong and Ma, 2006; Kim, 2008; Mair et al., 2008) substance use (Stockdale et al., 2007) , partner violence (Frye and O'Campo, 2011; Pinchevsky and Wtight, 2012) , cardiovascular disease (Chaix, 2009) , obesity and lack of physical activity (Sallis and Glanz, 2009 ), perinatal outcomes (Metcalfe et al., 2011) , and poor self-rated health and chronic conditions (Poortinga et al., 2007; Meyer et al., 2014) .
Despite the contributions of this growing body of work, this field has not yet reached its full potential for establishing a strong body of evidence about whether and how neighbourhood contexts determine well-being. Most evidence comes from studies designed for purposes other than the examination of the role of neighbourhoods in determining health (Pickett and Pearl, 2001; Kawachi and Berkman, 2003; Diez Roux, 2007 ). Yet, greater attention to study design features and analytic approaches, especially for observational and cross-sectional studies, which comprise the majority of this body of research, could significantly advance the quality of evidence being generated.
Most studies have emphasised neighbourhood socioeconomic position as the main or sole neighbourhood exposure. (Kawachi and Berkman, 2003) . While structural disadvantage is a fundamental determinant of health, failure to include a range of neighbourhood characteristics that characterise the complexity of community environments precludes our ability to uncover pathways for, or measure the relative importance of, neighbourhood-level determinants of health outcomes (O'Campo, 2003; Diez Roux and Mair, 2010) . Contributing to this problem is the over-reliance on census based measures as the main or sole source of neighbourhood characteristics, with few studies capturing data from a wider range of administrative data from various non-health sectors such as justice, transportation, housing, or planning or even utilising subjective assessments of residential environments. Past studies have established that neighbourhood, poverty and economic deprivation are associated with poor health outcomes. But it is not clear whether this association would consistently hold if all studies for a particular outcome had included the same broad set of neighbourhood Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/healthplace variables or whether this main effect would hold if cross level interactions were routinely examined.
Capturing a broad range of neighbourhood exposures has been a challenge of past work, yet equally important is including a broad range of health status and behavioural outcomes in the same study on the same population. Few, if any, neighbourhood exposures are disease specific, and measuring a range of individual health status and behaviours would enable the examination of multiple outcomes for the exploration of shared or unique pathways and effects of neighbourhood exposures which could be valuable information to inform the design of interventions. (Stockdale et al., 2007; Meyer et al., 2014) .
Sampling is another area where that has received too little attention. Most studies start with a random sample of individuals and link residential neighbourhood data. This design often results in too few participants residing in any single neighbourhood making it difficult to distinguish household or individual from neighbourhood effects. Neighbourhood based sampling, that prioritises inclusion of ample numbers of participants per contextual unit to enable the examination of random slopes or effect modification within neighbourhoods is still underutilized (Sastry, 2003; Mujahid et al., 2007) .
The issues above are but a few key design features that could receive greater attention in cross sectional studies going forward. Below we describe the design and analytic features of a study that addresses those challenges highlighted above as well as other key improvements that, taken together, considerably strengthens cross-sectional evidence generated by studies on neighbourhoods and health.
Neighbourhood Effects on Health and Well-being (NEHW) study
The Neighbourhood Effects on Health and Well-being (NEHW) study uses a cross-sectional design that collects information on a broad range of individual and neighbourhood stressors and resources that potentially impact well-being. Set in Toronto, the NEHW study takes advantage of the strengths of the city such as the cultural and ethnic diversity. Most evidence on neighbourhood level determinants of health comes from the United States and, to a lesser degree, Europe. The extent to which those findings apply to the Canadian context is unknown. For example, the concentrated poverty and high levels of urban social disorder documented in U.S. cities is present to a lesser degree in Canada (Sampson et al., 1997; Oreopoulos, 2008; Parsons et al., 2010 ). Yet, like many cities globally, income inequalities between neighbourhoods in Toronto have been widening for the past several decades (Oreopoulos, 2008; Hulchanski, 2010) .
Additional advantages of the NEHW study includes a rich source of both individual level data, obtained from a cross-sectional survey of a random sample of Toronto residents obtained through multistage sampling, and neighbourhood level indicators derived from multiple administrative and commercial databases and Canadian census data as well as aggregated individual data on subjective assessments of residential environments. Great care was taken to design a sampling strategy that ensured a random sample that is generalisable to the City as a whole but also to ensure a large numbers of participants per neighbourhood context. The NEHW study aims to assess the direct and cross level interactive effects of individual and neighbourhood stressors and resources on a variety of outcomes related to health behaviours and status. The uses of these findings range from advancing the scholarship of neighbourhood research by assessing the impact of a broad range of neighbourhood exposures on myriad health behaviours and outcomes with the intention of identifying shared or unique effects across health conditions in a city like Toronto, to using data from Project NEHW to support local planning and surveillance efforts on a wide variety of health conditions and health equity for which no local data currently exists and to inform local place-based initiatives (Centre for Research on Inner City Health, 2013; Toronto Public Health, 2013) . In this paper we describe key design features but also present early findings for six health outcomes and behaviours to highlight unique contributions from a study like Project NEHW. In particular we were interested in illustrating the creation and modelling of a range of neighbourhood characteristics obtained from myriad sources and to determine whether their effects are consistent across health outcomes and to examine cross-level interactions for each of the outcomes.
Methods

Sampling strategy
Using a multistage probability sampling approach, we sought to design a study that could analyse data using two different neighbourhood designations -census tracts and neighbourhood planning areas (usually around 6 census tracts). In 2002, the Social Policy Analysis and Research unit in the Social Development, Finance, and Administration division at the City of Toronto, with assistance from Toronto Public Health, created 140 neighbourhood planning areas (NPAs). NPAs were combinations of census tracts comprised of between 7 and 10,000 residents intended to provide sociodemographic and economic data at a meaningful geographic level for government and community agency planning (City of Toronto, 2012) . NPAs served as the primary sampling units for our study.
Participants were sampled using a three-stage sampling design. For the first stage, NPAs were selected using serpentine ordering followed by systematic random sampling (Kish, 1965; Geurder, 1984) . A map of Toronto's NPAs was divided according to major streets and highways running north-to-south and east-to-west (City of Toronto, 2012). Neighbourhoods were numbered in serpentine order by drawing a line through adjacent neighbourhoods, starting in the northeast corner of Toronto and proceeding from east to west and then from west to east, moving in a southwards direction and ending at the southwest corner of the map, starting with implicit geographic stratification of Toronto's neighbourhoods using serpentine ordering (Kish, 1965; Geurder, 1984) . The objective of serpentine ordering was to connect pairs of neighbourhoods that were considered to be geographically close and have similar economic profiles. After the neighbourhoods were ordered, systematic random sampling was used to select 50 of the 140 neighbourhoods (Kish, 1965) . We sought to ensure an even spread of the neighbourhoods across the City of Toronto's geography.
At the second sampling stage, simple random sampling was used to select two residential census tracts within each of the 50 NPAs. Due to budget limitations imposed by our funder, the final number of sampled census tracts was reduced from 100 down to 87 by randomly removing census tracts from the final sample. Thorough checks were performed to ensure the included census tracts remained representative of the socioeconomic profile of Toronto. At the third sampling stage, we randomly selected households within each census tract based on residential address. Household sampling frames were purchased from a commercial marketing company that derives lists of residential addresses and telephones numbers from published directories based on census tract boundaries. Sampling of households was done sequentially with 80 households being selected at a time for screening from a list of 300 potential households. The target recruitment number was 25 households per census tract or approximately 50 participants for NPAs.
Eligibility and recruitment
Individuals were eligible to participate if they (i) were a resident of the selected household; (ii) were between the ages of 25 and 64, and thus within a standard age range that includes possible labour force participants; (iii) were able to communicate in English; and (iv) have lived in the neighbourhood for at least 6 months. All participants provided written informed consent at the time of their interview and were compensated $50 for their participation. The Research Ethics Board at St. Michael's Hospital in Toronto, Canada provided ethics approval for this study.
Introductory letters were sent in the mail to each selected household followed by a telephone call within one week. Recruiters asked to speak with the member of the household who had the closest birthday to the current date. If that household member was not available, interviewers continued screening according to birth date taking the first eligible participant who was available. Ten attempts were made to recruit each household after which households were replaced with another randomly selected household within the same census tract until the target number of 25 households per census tract was reached. Of those initially contacted and deemed eligible, 80% agreed to be interviewed. Of those who agreed, we completed interviews on 96%.
Interviews were conducted between March 2009 and June 2011. In total, 2412 participants, representing 47 NPAs and 87 census tracts in Toronto were included in our sample. In 40 of our selected NPAs, participants were sampled from two census tracts as intended, while in the remaining seven neighbourhoods participants were sampled from one census tract. The target number of at least 25 participants was achieved in 85% census tracts.
Measures
We incorporate three sets of measures that tap neighbourhoodlevel processes to answer our research questions.
Census measures
Neighborhood disadvantage is based upon data from the 2006 Canadian Census available through Statistics Canada (Statistics Canada, 2008) . Adapted from previous literature on neighbourhood effects, we measured five commonly used items including: (1) per cent of households below low income cutoff, (2) unemployment rate of males over the age of 15; (3) percentage of lone parents in the neighbourhood; (4) per cent high school dropouts; and, (5) average household income (reversed) (Pearlin, 1989) . We standardized, combined, and then averaged these measures to form an index of neighbourhood socioeconomic position (SEP) (Cronbach α ¼.86). Higher values represent greater disadvantage and we hypothesised that poorer health and health behaviours would be demonstrated for those residing in neighbourhoods with higher levels of disadvantage.
Community-based resources
The second measure comes from the Findhelp 211, a comprehensive database of community resources and services available to individuals within their neighbourhood (Findhelp Information Services, 2010) . The Findhelp 211 database, available for purchase, maintains with a comprehensive listing of city-wide community based services (e.g., services for abuse/violence, employment, health, housing, legal, settlement, newcomer, etc). These data include the postal code for the address of the resource and thus can be merged with Census tract-level data. We summed all resources to create a scale of the total number of resources in each neighbourhood and hypothesised that more resources in a neighbourhood would be associated with improved health and health behaviours.
Aggregated measures
We aggregated responses from our survey data to capture neighbourhood-level characteristics and processes. This approach is one of the features used in Ecometrics (Raudenbush and Sampson, 1999) . Using results from Sampson and Raudenbush that suggest that a minimum sample of 20 respondents is necessary to achieve sufficiently reliable neighbourhood information, we aggregated individual respondent reports into neighbourhood means, given that our average sample size per neighbourhood was 27. The measures of individuals' responses aggregated at the neighbourhood level included perceived neighbourhood problems, informal social control, and social cohesion. The advantage of aggregating self-report measures is that (i) we are including subjective assessments of neighbourhoods, while (ii) avoiding the problem of 'same source bias' by aggregating measures versus using them as individual level variables (Diez Roux, 2007) .
Perceptions of neighbourhood problems
The scale for neighbourhood disorder includes ten items about the physical and social problems in a given neighbourhood, including litter or trash on the sidewalks and street, graffiti on building and walls, rundown sidewalks, or drug dealers hanging out as examples and similar to those used in previous studies (Ross, 2000) . Respondents rated the severity of each problem on a scale of zero to four (e.g., "not at all a problem" to "a serious problem"). Higher scores reflect perceptions of greater severity (Cronbach's α ¼.87). We hypothesised that poorer health would be present in neighbourhoods with higher perceived severity of problems.
Informal social control
We used Sampson and colleagues' five-item measure of informal social control (Sampson et al., 1997) . These items ask respondents the likelihood (very likely, likely, neither likely nor unlikely, unlikely, or very unlikely) that neighbours would intervene if (1) children were skipping school and hanging out on a street corner, (2) children were spray-painting graffiti on a local building, (3) children were showing disrespect to an adult, (4) a fight broke out in front of their house, and (5) the fire station closest to their home was threatened with budget cuts. Higher scores reflect greater social control (Cronbach α¼.82). It is hypothesised that greater informal social control would be associated with higher levels of health and well-being.
Social cohesion
is measured using five commonly used items (Sampson et al., 1997) . Participants were asked the extent to which they agreed (strongly disagree to strongly agree on a five point scale) with the following statements: "people around here are willing to help their neighbours"; "this is a close-knit neighbourhood"; "people in this neighbourhood can be trusted"; "people in this neighbourhood generally don't get along with each other"; "people in this neighbourhood do not share the same values". Higher scores indicate greater perceived social cohesion amongst residents (Cronbach α¼.83). We hypothesised that higher levels of social cohesion would be associated with better health outcomes.
Individual-level health outcomes
Depression
We used the 20 item CES-D depression scale (Radloff, 1977) , because it is one of the most widely used mental health outcomes in research over the last thirty years. Respondents were asked how often in the last two weeks, for example, "were you bothered by things that usually don't bother you", "did you feel like everything you did was an effort", "I felt depressed", "I could not get going", or "I had less interest in my usual activities." Possible responses included "none of the time" (1), "a little of the time" (2), "some of the time" (3), "most of the time" (4) or "all of the time" (5). For this scale, higher scores reflect greater distress (Cronbach α ¼.80).
Anxiety
We used a total of eight items from well-known scales to measure anxiety, including the Spielberger Anxiety Scale (Spielberger, 1979) , and the K10 index (Kessler et al., 2003) . Respondents were asked how often in the last two weeks, for example, "did you feel tense", "worry over possible misfortunes", "feel over excited", "had spells of faintness or dizziness", or "easily annoyed or irritated" and responses relied upon a 5-point Likert ranging from "none of the time" (1), to "all of the time" (5). Using exploratory factor analysis, we extracted the items with high loading values and created a scale of these anxiety items with a higher reliability than the items on the Spielberger alone (Cronbach α¼ .82). Higher scores reflect greater anxiety.
Body mass index
We asked respondents to report their height and weight. Based on this information we calculated respondents' BMI using the standard formula BMI ¼weight(kg)/[height (m)]
2 . This measure is widely used, and is reported here as a continuous scale, although it can be used to designate overweight and obesity categories.
General health
Our measure of general health is a commonly used measure adapted from the Canadian Community Health Survey (Beland, 2002) and published in recent research . Respondents were asked to assess their health relative to others their age. Response categories included "excellent", "very good", "good", "fair", or "poor". We coded these responses so that higher scores reflected better health. We treat this measure as an ordinal measure, and model it accordingly in all analyses.
Chronic health conditions
Chronic conditions represented a summation of respondents' chronic conditions at the time of the interview. We were interested in long term conditions, so we asked respondents to report only those that have lasted or were expected to last six months or more and that had been diagnosed by a healthcare professional. We included conditions like asthma, fibromyalgia, high blood pressure, migraine headaches, chronic bronchitis, emphysema or chronic obstructive pulmonary disease, diabetes, heart disease, angina, cancer, ulcers, bowel disorders, or Alzheimer's disease, for example. Because the distribution of this measure is positively skewed (skewness¼2.19), we modelled it using a Poisson distribution throughout all analyses. These conditions are similar to those asked about in the Canadian Community Health Survey (Beland, 2002) , and published in recent research (Van Cleave et al., 2010) .
Physical activities (PA)
We used three items to measure physical activities. Respondents were asked the number of days, during the last 7 days, they (1) bicycled or (2) walked for 10 min per trip to get from place to place, or (3) engaged in any fitness or sport-related activities. We averaged the number of days across these activities, so that higher scores reflect greater PA. This measure is adapted from previous research by the National Cancer Institute (2002).
Sampling weights
While we sought to recruit a representative sample of those residing in our study neighbourhoods, sampling weights were derived to correct for any selection biases using 2006 Census data for the City of Toronto. Protocols were similar to previous studies examining neighbourhood level effects on health (Turner et al., 1995; Sastry, 2003) . Data were weighted by the following sociodemographic characteristics: (i) age (5-year categories, see Table) (ii) sex at birth (male vs. female); (iii) total combined household income from all sources; (iv) household size; and (v) immigrant status (Canadian born vs. foreign born) (see Table 1 for further details on categories). These variables were chosen because preliminary analyses suggested that our sample is either over-or under-represented on each of these focal characteristics.
To derive the NEHW weights, we constructed five-way crosstabulations of all possible combinations across the designated variables. The percentages for each combination were then compared to the percentage of the same combination of categories in the census data, and ratios were calculated between the two values to derive our sample weights. A ratio of one represents equal proportions across combinations in our sample and the target population. Deviations from a ratio of one suggest either an over-or under-representation of a given combination of categories in our sample. Sampling weights were applied to the survey data to analytically place more weight on the under-represented categories and less weight on over-represented categories.
Control variables
The question of differential selection into neighbourhoods based on individual characteristics is an important issue in neighborhood studies, since the effects of these individual variables act as an alternative hypothesis for observed neighborhood effects. Our study is cross-sectional, and thus we cannot control for selection over time. However, we did control in our analyses for four key issues affecting selection into or choice of neighbourhoods of residence. In choosing controls, we were mindful of not choosing variables that could also be affected by the current neighborhood, such as household income. Instead, we selected controls that are plausible sources of selection into neighbourhoods and thus affect neighborhood composition overall. These include the respondent's education (in years), their age (in years), gender, and nativity (Canadian versus foreign born) (Sassler and White, 2000; Geronimus et al., 2014; Schaake et al., 2014) . The city of Toronto is close to 50% foreign-born and thus sorting into neighbourhoods is partially based on this variable.
Analytical methods
Our goal is to illustrate the association between a range of neighbourhood variables and several health outcomes for Project NEHW. Our results are based on multilevel models for each health outcome. This is done so that we can separate and estimate the variance across neighbourhoods (level two) in health as a portion of the total variability in health across individuals (level one). Neighbourhood variables are group-mean centred to facilitate interpretation of cross-level interactions (effect modification). In the case of depression, anxiety, the body mass index, and PA, we estimate linear multilevel models with both random effects and fixed effects for neighbourhood. For general health, we estimate a generalised multilevel model because this is an ordinal measure, and therefore use an ordinal logistic link function at level one and are thus modelling log odds for better health. For chronic conditions, given the distribution skewness and the fact that this is a count, we estimate a generalised multilevel model with a log link function at level one with a Poisson error distribution. All cross-level interactions for age and gender are tested in the same regression models.
As a first step in the modelling, we examine the overall intraclass correlation (ICC) for each outcome. For outcomes using linear mixed modelling, this is a straightforward partition leading to the per cent of the total variance in the outcome attributable to neighborhood variability. But for logistic or Poisson case, the translation of the ICC concept is not straightforward, because of the theoretical definitions of error variance in these distributions. For the logistic case, we use the estimate of error suggested by Zeger et al. (1988) 
2 ðπ 2 =3Þ. The Poisson case is much more uncertain and various practices exist: we used the Taylor linearization method discussed by Goldstein et al. (2002) .
All analyses applied the sampling weights and were conducted in SAS 9.4 and all models examined one-sided tests.
Results
Demographic and socioeconomic characteristics of the 2412 Toronto residents in the sample are presented in Table 1 . Most NEHW participants were 30-39 (27.1%) or 40-49 (31.9%) years of age (mean ¼44.4, standard deviation ¼10.7), and women were slightly over-represented (51.8%). Thirty-nine per cent were born in Canada and most immigrants (76.0%) have been living in Canada for 10 years or more. The sample is well educated and 68.6% were currently employed. The mean number of resources in study neighbourhoods is almost 3 with a range from zero to 42. Neighborhood problems were not perceived as serious with a mean of .99 and an upper bound of 1.95 on a scale of 4. Depression, anxiety, chronic conditions, and BMI varied significantly by age and household income while general health only varied by income and physical activity level is the only health indicator to vary by immigrant status with recent immigrants engaging in the least amount of physical activity ( Table 2) .
The first step in the multilevel modelling process is to determine whether the health outcomes vary at neighbourhood level as well as the individual level. The top row of Table 3 presents the results of the one-way ANOVA with random effects (null model) where the variance of the outcome is partitioned into two partsthat at the neighbourhood level (τ 00 ) and that at the individual level -and we show the results for the variance at the neighbourhood level (Bryk and Raudenbush, 1992) . Values of τ 00 , which represent the variation in the neighbourhood means for that health outcome, are significant for each model suggesting that there is significant variation between neighborhood for each outcome. The intraclass correlation (ICC) for each outcome ranges from 5% to 10% (second row of Table 3 ). This is a modest value, but as pointed out by Raudenbush and Sampson, small ICCs can be misleading, since the square root of these values stands for the total estimated effect size (Raudenbush and Sampson, 1999) . In this case, the total effect of neighbourhoods is mainly between .2 and .3, a small to moderate effect size.
For models (3) through (7) in Table 3 for each of the outcomes, we fit, separately, each of the neighbourhood variables controlling for age, gender, nativity and education at the individual level (parameter estimates for individual level variables not shown). The controls account for known factors associated with selection into neighbourhoods in Toronto. In almost all cases, the associations between neighbourhood variables and health outcomes are stronger upon adjustment.
Starting with those variables that represent neighbourhood stressors or negative neighbourhood environment or climate, neighbourhood disadvantage is consistently associated with each of the health outcomes in the hypothesised direction. The greater the disadvantage the worse the level of health or health behaviour. Neighbourhood problems, a variable comprised of aggregated averaged ratings of problem severity for all respondents residing in a neighbourhood, is associated, in the hypothesised direction, with four outcomes but not chronic conditions and PA. In the area of positive resources and neighbourhood climate, informal social control and cohesion show similar patterns of association. Both are associated with depression, anxiety, BMI and general health in the hypothesised direction; that is, the higher the control or cohesion in a neighbourhood the better the health for those four outcomes. Community resources are associated with BMI, chronic conditions and PA, in the hypothesised direction. For each outcome, we test for the presence of effect modification by age and gender for each of the neighbourhood variables (Table 4) . Overall, with the exception of community resources, statistically significant interactions are observed for age and gender. Moreover, interactions by age and gender are observed for all health conditions except for the outcome of PA. Neighbourhood problems demonstrated the greatest number of significant interactions for both age and gender. Greater average perceived severity of neighbourhood problems negatively affected women health more than men's health for each of the outcomes for which significant interactions are observed. Fig. 1 shows this pattern clearly where the slope for women is much steeper than the slope for men for the outcome depression. Fig. 1 also illustrates how older participants experience higher levels of depression as the average perceived severity of neighbourhood problems increases; participants in their thirties show little difference in depression by neighbourhood problem severity while those in their sixties have significantly greater depression with increasing severity. Neighbourhood disadvantage also show several interactions for age and gender. For each decade increase in age, depression scores increase by .674. Neighbourhood cohesion also shows interactions, mostly by age but also for gender with both women and older individuals experiencing health benefits from higher levels of cohesion. Overall, mental health outcomes demonstrate more significant interactions with age and gender, followed by BMI and chronic conditions.
Discussion
The NEHW study takes advantage of recent progress in study design for observational research on neighbourhoods and health. The use of multiple neighbourhood variables drawn from a variety of data sources, including neighborhood specific aggregates of survey participant perceptions about their residential areas, demonstrate the importance of going beyond neighbourhood socioeconomic position and census data. Our study results reported here corroborate the now common finding that neighbourhood disadvantage is a fundamental determinant of health outcomes and behaviours, yet our results also illustrate that neighbourhood socioeconomic position is not a proxy for other key positive and negative health determining features of residential areas. The range of correlations between neighbourhood disadvantage and the other neighbourhood variables we included in our analyses (À .59 to .64) also supports the idea that each may be explaining somewhat unique variance from that of neighbourhood disadvantage.
Much of the literature on neighbourhoods and health focus on mental health outcomes including a rich literature on the neighbourhood stress process given the central role of stressors in determining poor mental health (Turner et al., 1995; Elliot, 2000; Ross and Jang, 2000; Ross and Mirowsky, 2001) . Briefly, stressors at the neighbourhood level such as social disorder, concentrated and cumulative poverty, crime, or incivilities contribute to poor mental health such as depression and anxiety while high levels of neighbourhood resources, green space and walkability, or strong social ties and support can elevate mental health or even act to counter the negative impact of stressors (O'Campo, 2005; Stockdale et al., 2007) . Results from analyses reported here are consistent with these theoretical formulations and past empirical findings. In a recent systematic review, however, 5 of 6 studies examining social cohesion found no significant protective effect for depression, which stands in contrast to our finding of a lower risk of depression for both informal social control and cohesion (Kim, 2008) .
Research on BMI, obesity, physical activity and chronic conditions are less prominent in the neighbourhood literature but similar associations are hypothesised for aforementioned neighbourhood factors and these outcomes, though not necessarily through a stress process framework as with mental health (Black and Macinko, 2008; Chaix, 2009) . For BMI and PA, theoretical predictions suggest that we should expect lower PA and higher BMI for individuals residing in neighbourhoods with lower incomes, higher problems, and fewer resources (Renalds et al., 2010) . Associations for the neighbourhood variables observed in our study were consistent for both BMI and PA in the hypothesised directions. Yet, while age and gender interactions were prevalent for BMI, no such interactions were observed for PA. It is possible that low overall variability for PA prevented the detection of associations in our sample. Past studies have reported associations with PA and neighbourhood problems, citing that more problems create a climate of fear (Sallis and Glanz, 2009) , but this association is not significant in our study. Systematic examination of cross-level interactions, as we did here, is performed too infrequently in studies of neighbourhoods and health. In our study, effect modification by age and gender is demonstrated for all but one of the neighbourhood factors. Age is a particularly consistent effect modifier -older residents are more sensitive to both stressors and resources at the neighbourhood level. Similarly, women seemed to be more sensitive than men to neighbourhood problems and resources for several outcomes which has been reported for some but not all prior studies ( Matheson et al., 2006; Burke et al., 2009; ). Yet examination of cross-level interactions is often neglected in neighbourhood and health research.
We were somewhat surprised by our findings that levels of community resources are not more consistently associated with improved health in our study. Moreover, no cross-level interactions are observed for this variable. It may be that our operationalization of this construct, with such a wide variety of heterogeneous services and resources, contributed to the lack of significant associations. Perhaps resources should be operationalized in a manner more narrowly focused around the outcome being examined such as green parks and recreation centres for physical activity, and numbers of proximity to community located health clinics for chronic conditions. On the other hand, studies from New Zealand and Scotland have suggested that residents of low-income communities do not have less access to community based resources than those from non-low-income neighbourhoods (Pearce et al., 2007; Macintyre et al., 2008) . Our findings suggest that this may be the case in Toronto as well. It is also possible that we should have modelled resources as a density variable (e.g., rate per capita) and not a count. In more in-depth analyses of these outcomes in the future, we will be able to investigate whether density of resources performs differently than counts.
There are potential limitations that should be acknowledged. The NEHW survey is only offered in English, and participants were required to have reasonable skills in spoken English to be eligible for the study. As a result of this eligibility criterion, our sample may not be representative of the City of Toronto in terms of gender or immigrant status. Weights, however, have ensured that our sample represents the census tracts from which the participants were drawn. The problem of unmeasured confounding due to the inability to account for factors involved in participants' "selection" into neighbourhoods is a problem in observational studies such as NEHW. As a partial remedy, we accounted for those measured factors that could be related to selection. For some of our neighbourhood variables, there were multiple options for their operationalization. For example, we chose to separate informal social control (the extent to which groups (neighbours) take action to bring about conformity to group norms such as bystander intervention or collective responses to threats in a neighbouhood) from cohesion (perceived unity and emotions within groups such as shared values, close-knit neighbourhood, or trust) because the two capture vastly different concepts. Previous authors have combined these constructs into one called "collective efficacy" (Sampson et al., 1997) . While conceptually distinct, informal social control and social cohesion showed remarkably similar associations with the outcomes examined here and might be combined in future analyses using these data. Similarly, we chose to operationalze neighbourhood resources as a count versus a density (e.g., resources per capita) as others have done. In our case, we assumed that proximity to services, independent of how many others are residing in proximity to those services would best capture the idea of resources, however, we acknowledge that different pattern of associations might have emerged had we used a density measure instead. Finally, the results presented here comprise only a preliminary look at our data as we plan to explore these outcomes in greater depth in future papers.
In addition to contributing to advancing our understanding of the direct and indirect associations between neighbourhood features and a wide variety of health outcomes, the NEHW study is being used for urban planning. Thus, our sampling plan to ensure generalisability and neighbourhood representativeness, a high response rate over 80%, the inclusion of 25 or more individuals per census tract and 50 or more per neighbourhood planning area, and the measurement of a wide variety of health status and behavioural factors have proven valuable for planners interested in local data, for which very little population based information currently exists regarding risk factors or health outcomes (Toronto Public Health, 2013) . In addition, other unique features were embedded in the NEHW study to further advance our understanding of contexts and health and to facilitate place-based intervention planning, such as measuring time spent in residential neighbourhoods to determine whether duration at home impacts the association with health outcomes, capturing residential history of study participants to address the issues of selection into neighbourhoods, and exposure to employment as well as residential contexts to determine the relative importance of work versus home neighbourhood environments (Chum and O'Campo, 2013) .
Since most research on neighbourhoods and health will likely continue to be based upon observational studies, improving their design will advance knowledge generated from this growing field. Increasingly, discussions about strengthening this evidence base is being linked to other design and analytic strategies such as inclusion of instrumental variables, propensity scoring and use of natural experiments to further our understanding of the impact of place on health. We have described here several methodological issues that shaped the design considerations of the NEHW study to ensure that, while it is a cross-sectional sample, it will still advance the quality of evidence emerging from observational studies.
